Introduction
Current strategies for managing obesity in adults focus on lifestyle measures, including delivering intensive behavioral and nutritional therapy in clinical practices. 1, 2 A multidisciplinary treatment team is recommended by the 2014 American Heart Association guidelines that encourages weight loss of 5% which can lead to marked improvements in comorbidity. 3 Most successful weight-loss programs struggle to meet such demands, 4 particularly in rural areas, 5 where staff availability and specialty are limited 6 and reimbursement is poor. 7 Sarcopenic obesity is an emerging syndrome that is observed in adults with obesity. 8 Sarcopenia is broadly defined as the loss of muscle mass, strength, and/or function with aging. 9, 10 Yet, fat can infiltrate into muscle fibers, promoting insulin resistance and contributing to weakness and physical disability. 8 Traditional lifestyle measures as outlined by current guidelines emphasize the importance of aerobic exercise but omit the contribution of obesity and weight loss to physiological muscle processes. A 1 kg weight loss not only leads to loss of fat but can lead to a loss of approximately .25 kg of muscle. 11 There is promising evidence that resistance exercises can potentially treat sarcopenic obesity 12, 13 and is essential in the management of populations with obesity.
Anthropometric measures such as body mass index (BMI) or waist circumference (WC) are accepted as surrogate clinical measures for the assessment of both muscle and fat mass but are highly inaccurate and lack diagnostic accuracy. 14, 15 When available, body composition measures such as dual-energy x-ray absorptiometry (DXA) or bioelectrical impedance analysis (BIA) have augmented accurate assessment of muscle and fat mass within both the research and clinical settings. 8, [16] [17] [18] Using BIA in an office setting is a low-cost procedure, requires minimal training and oversight, can provide an accurate determination of the components of muscle and fat, and can overcome the inability to measure sarcopenic obesity in clinical practice. 19 The ability to identify obese individuals with low fat-free or muscle mass has important clinical implications, in which it can guide providers to augment multimodality treatments with resistance training. While, the definition of sarcopenic obesity varies in the literature, 20, 21 the Foundation for the National Institutes of Health (FNIH) and other major societies do not specify diagnostic criteria for this entity. We defined
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Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders sarcopenic obesity using cut-points of both FNIH 10 and those from American Association of Clinical Endocrinologists 22 for sarcopenia and body fat, respectively. As such, we sought to evaluate the prevalence of sarcopenic obesity, as defined by the FNIH cut-points for appendicular lean mass (ALM) 10 and cut-points for body fat, in an academic, rural weight, and wellness center.
Methods

Study setting
The study setting was located at the Dartmouth-Hitchcock Weight and Wellness Center (WWC), an interdisciplinary clinic focusing on treatment of weight and weight-related comorbidities. Dartmouth-Hitchcock is a rural tertiary care medical center located in Lebanon, NH on the New Hampshire and Vermont border and is New Hampshire's only academic medical center with a catchment population area of approximately 1.5 million persons. The study was reviewed and approved by the Committee for the Protection of Human Subjects at Dartmouth College. The STROBE statement for nutritional epidemiology is attached in the Supplementary materials (Supplemental Material).
Clinical program
The WWC clinic opened in January 2016 and offers multidisciplinary, comprehensive medical management. Patients require a referral from their primary-care clinician, allowing for ongoing coordination of care between primary and specialty teams. A patient-centered treatment plan was formulated at the initial consultation with a provider specializing in weight management. As part of a patient's initial intake visit, a comprehensive survey instrument was completed in advance of their visit and a trained nurse completes objective anthropometric and functional measures (see below). All information was directly entered into the electronic medical record.
Study cohort
Between January 2016 and March 2018, 715 unique patients were evaluated by a clinician at the WWC, of whom 599 had a bioelectrical impedance analysis (BIA; Figure 1 ) at the intake visit. The remaining 116 patients did not have their measurements performed for the following reasons: a medical contraindication (n = 6, see below), lost to follow-up (n = 60), patient refusal (n = 5), machine malfunction (n = 12), or general staff unavailability (n = 38). As with any initiation of a clinical infrastructure, our measures changed slightly over time accounting for some of the missing functionality and questionnaire data in a subset of data. We excluded eight patients with missing comorbidities at the baseline visit for specific analyses using this covariate.
Body composition
Body composition was assessed using the 8-point Seca m514 (Hamburg, Germany) bioelectrical impedance analyzer that has previously validated equations. 23, 24 The apparatus has the capabilities of determining segmental fat-free or muscle mass (appendicular and total body), overall fat mass, and visceral fat mass through multi-frequency analysis. Its capacity weight is 300 kg. All participants stood on the apparatus, barefoot, holding each side at the requisite contact points. The total duration of analysis was approximately 20 seconds. Height, date of birth, and self-reported physical activity levels (ranging on a scale from 0 to 5 [very inactive to very active]) were directly entered into the console by the nurse, who received formal training to perform these assessments. Contraindications to using a BIA included an uncontrolled cardiac arrhythmia, pregnancy status, an implantable device (pacemaker, automatic implantable cardiac defibrillator, TENS unit, infusion pumps, artificial hearts, or other portable electronic medical devices). Ascertainment of BIA did not account for a patient's recent hydration status, alcohol or recent physical activity. Waist circumference was measured snuggly using a tape measure around the abdomen above the iliac crest, parallel to the floor at the end of exhalation.
Sarcopenic obesity definitions
Sarcopenia was defined using the definition of low ALM put forth by the 2014 Foundation of the National Institute of Health Sarcopenia Project. 10 ALM was calculated as the sum of the BIA-measured lean mass of all four limbs (right arm, left arm, right leg, and right arm). Sex-specific cut-points of ALM of <19.75 kg in men and <15.02 kg in women defined sarcopenia. This group also stated the importance of a relationship between muscle mass and muscle strength, yet a causal, direct pathway does not exist. Elevated body fat was defined as values exceeding 25% and 35%, in men and women, 15 respectively, and >88 cm and >102 cm for WC. 25 Sarcopenic obesity was defined using the combination of ALM and body-fat percent cut-points.
Baseline characteristics
Data within the medical record was extracted for baseline demographic variables (age, sex, race/ethnicity, insurance, and smoking status), and comorbid conditions (anxiety, chronic obstructive pulmonary disease, depression, high cholesterol, osteoarthritis, sleep apnea, cerebrovascular disease, and nonalcoholic fatty liver disease) based on the International Classification of Disease 10 codes (http://www.who.int/classifications/icd/en/) from the problem list. Ethnicity was categorized as Hispanic versus non-Hispanic, and race was categorized as American Indian/Pacific Islander, Black or African-American, White, or other. Primary insurance status was classified as Medicare, Medicaid or charity care, commercial insurance, self-pay, or other. Smoking status is routinely assessed at all clinic visits and categorized as former smoker, current smoker, or non-smoker.
Functional measures
Grip Strength was assessed using a JAMAR dynamometer (Patterson Medical, Warrenville, IL). Patients are instructed to sit, flex their dominant arm at 90° on a level surface and squeeze the dynamometer which is adjusted to their hand size. Four measurements are obtained (two on each limb), and the mean (in kg) was entered into a designated field in the medical record. Low grip strength was classified as <26 kg in men and <16 kg in women. 10 The five times sit-to-stand test is a measure of lower extremity strength. 26 Patients sat in a chair with their arms crossed in a chair with back and were instructed to stand, unassisted with their arms crossed, extending their body fully upright and then sitting down completely, before rising again. This was done five times. Time (in seconds) was measured from the onset of the first rise to the onset of the fifth rise. The sixminute walk test was a measure of aerobic capacity performed in a 100-foot long corridor. 27 This assessment was performed according to the American Thoracic Society guidelines by a nurse. Measurements of blood pressure, heart rate, and oxygen saturation before and after the evaluation. Distance in feet was recorded in the medical record and was converted to meters.
Questionnaires
Participants completed several self-reported questionnaires using an electronic touchpad device or on their home computer in advance of the baseline clinic visit. The University of Rhode Island Change Assessment (URICA) 28 is a scale based on the transtheoretical model of behavioral change 29 consisting of 12 questions in four domains-pre-contemplation, contemplation, action, and maintenance. A final readiness score was calculated. A score <8 is suggestive of pre-contemplation, a score of 8-11.99 is considered a contemplation state, and a score >12 is classified as a preparation state for treatment. The Weight-Efficacy Lifestyle Short-Form (eight questions) 30 assessed patient self-efficacy and the Patient Reported Outcome Measures Information System Global (10 items) 31 measured physical function (six questions) and general health (physical and mental health).
Statistical analysis
Data from the BIA analyzer was aggregated with variables of interest from the electronic medical record extracted with the assistance of the Dartmouth-Hitchcock Analytics Institute into a composite data set. Descriptive statistics, means ± standard deviation, and counts (percentages) were calculated. Patients with obesity were categorized by lean mass (sarcopenia) status (low vs normal), and prevalence was further stratified by sex, race, and age category (18-40 years, 40-60 years, 60-70 years, and ⩾70 years). Comparisons between low and normal lean mass groups were conducted using unpaired t-tests for continuous variables and chi-square tests for categorical variables (or their non-parametric equivalences). All analyses were performed using STATA, version 15 (College Station, TX). A P value of less than 0.05 was considered statistically significant.
Results
Of the 715 patients, we included 599 in our analytic data set ( Table 1 ). All patients were classified as having body-fat defined obesity. The prevalence of sarcopenic obesity using ALM-defined sarcopenia was 47.6% using the FNIH cutpoint for ALM at their intial visit. Individuals with sarcopenic obesity were older (greater than 60 years old), more likely to be female, and were less likely to have osteoarthritis and sleep apnea. Table 2 highlights clinical and BIA-specific anthropometric and body composition measures. Individuals with ALMdefined sarcopenic obesity were lighter (100.1 kg ± 13.5 vs 137.8 kg ± 26.6; P < 0.001), had lower BMI (38.2 kg/m 2 ± vs 47.6 kg/m 2 ± 8.6; P < 0.001), and lower total body fat (48.7 kg ± 10.3 vs 68.6 ± 18.0 kg; P < 0.001) than individuals without sarcopenic obesity. Prevalence of sarcopenic obesity is depicted in Figure 2 (Appendix 1) in the overall sample of individuals BIA data, by sex, race, and age category.
In our subset of patients who had functional measures (Table 3) , grip strength was significantly lower (25.1 ± 8.0 vs 30.5 ± 11.3; P < 0.001) and sit-to-stand time was slower (12.4 ± 4.4 vs 10.8 ± 4.65 seconds, P < 0.001) in those with .67 values represented are means ± standard deviation, counts (column percents). All participants were classified as having body-fat defined obesity. Sarcopenia was defined using the FNIH-definition of ALM (<26 kg in men; <16 kg in women). Abbreviations: ALM, appendicular lean mass; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; NAFLD, non-alcoholic fatty liver disease. a Eight participants did not have any medical problems documented in the problem list.
sarcopenic obesity. We did not observe differences in the 6 minute walk, readiness to change or self-efficacy scores. PROMIS physical function scoring and self-reported health was higher in those with sarcopenic obesity than those without. No differences in baseline characteristics were observed between those individuals with full functional measures and individuals with at least one missing measure (Appendix 2).
Discussion
Prevalence of sarcopenic obesity defined using ALM and body-fat percent cut-points, approached 50% among adults at their intake visit upon referral for obesity management in a rural, academic weight treatment center. Our results suggest the importance of recognizing sarcopenic obesity, defined using low lean mass (LLM) and elevated body-fat mass, in adults, irrespective of age, as it may be associated with impaired objective physical function and likely is underdiagnosed in clinical practice. Surprisingly, prevalence of sarcopenic obesity were higher than those reported in other literature estimates of crosssectional data, including reports of participants younger than the age of 60 years as is the case in our center. 20, 32 In other studies, rates of sarcopenic obesity markedly increase with age, 10, [33] [34] [35] which was not consistently observed in our sample. There are several potential explanations for these findings. First, crosssectional, population-based studies are often representative of community-dwelling adults and may not be representative of individuals seeking obesity management within a health-care setting. Second, sarcopenic obesity is strongly associated with functional impairments and disability, rising with age. 36, 37 Presumably, individuals with a significant disability may be less likely to seek care for obesity leading to the lower rates in those aged >70 years. Third, younger individuals at risk or with All values presented are mean ± standard deviation, or counts (percent). Abbreviations: ALM, appendicular lean mass; BMI, body mass index; WC, waist circumference. 
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physical impairments may seek care due to the reduced comorbidity burden as compared to older adults. The baseline comorbid characteristics are reflective of such. Last, there continues to be a bias against managing obesity in an older adult population 38 despite emerging evidence suggesting its importance. 39 Our objective, patient-reported outcome measures provide exploratory, pragmatic information regarding the baseline characteristics of patients with sarcopenic obesity presenting in a real-world setting. The relationship between fat-free (muscle mass) and muscle strength is not causal nor linear, 10, 33, 34 yet our results demonstrate parallel relationships between muscle and strength. Our results demonstrate significant differences in grip strength and in sit-to-stand strength. Such robust measures and trends of upper and lower extremity strength parallel findings observed in epidemiological studies. 10, [33] [34] [35] The lack of differences in 6-minute walk test suggests that sarcopenic obesity may have a lesser impact on cardiopulmonary and aerobic fitness as opposed to its biologic effect of muscle although larger sample sizes could be helpful in clarifying this association. An alternative explanation was this population had higher baseline performance as compared to other interventional studies. 40 Readiness-to-change, and indicator of willingness to engage in therapy, was no different in these populations suggesting a potential referral bias in those with sarcopenic obesity. In addition, the significantly higher baseline scores on the PROMIS scales in those with sarcopenic obesity is intriguing.
While purely speculative, we hypothesize that the individuals with sarcopenic obesity seeking weight loss perceive themselves as healthier and likely believe they may be able to improve their health. These findings may be indicators of health-status and could be considered, irrespective of sarcopenia status, of engagement in such a program. Sarcopenic obesity is generally associated with reduced quality of life 41 and thus future work is needed to clarify and ascertain with the differences in PROMIS are in fact due to sarcopenia or other factors.
Our study has many strengths. These findings are the first to our knowledge evaluating sarcopenic obesity in the context of a natural experiment of obesity using clinic-based data from an electronic medical record. Given that data were collected as part of routine care, complete case ascertainment was excellent (>85%). Our overall functional and patient-reported outcome measure completion rate was lower (55.5%); however, our sensitivity analysis comparing the baseline characteristics of individuals with and without such measures found no significant differences. This approach suggests that our analytical sample is likely representative of the true population referred for treatment.
There are some limitations to our analysis in addition to the missing information. We are reliant on administrative data in the electronic medical record for our analyses, whose use has been challenged by others. 42, 43 We also may not have sufficiently captured medical problems. Nursing staff conducts much of the objective information, and while trained, we have no method in a natural environment to validate their technique and hence All values presented are mean ± standard deviation, or counts (percent). A P value represents the differences between obese individuals with and without ALM-defined sarcopenia (<19.75 kg in men; <15.02 kg in women). Abbreviations: ALM, appendicular lean mass; PROMIS, Patient Reported Outcome Measurement Information Systems (higher score, 0-100 is suggestive of better health); URICA, University of Rhode Island Change Assessment (precontemplative <8; contemplation state 8-11.99; preparation state for treatment >12); WEL-SF, Weight Efficacy Short-Form (assessed weight self-efficacy).
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they may be subject to measurement bias. Our clinic may not be representative of the entire population and is subject to referral bias seen in academic centers. While our population may have external validity among rural, caucasian referral populations that can provide initial formative estimates on its prevalence within rural settings, we caution generalization to other populations. While BIA has been proven to be helpful in the ascertainment of body composition, it has considerable limitations itself and reduced diagnostic accuracy as compared to DXA 17, 18 and indeed may have lower accuracy in adults with obesity. 44, 45 While BIA may over-or under-estimate fat or lean mass, it may be well within acceptable ranges considering the poor sensitive of BMI. Furthermore, there are no practical or pragmatic means of performing DXA in all patients outside of a research setting due to regulatory and reimbursement issues ultimately prompting the application of DXA-derived cutoffs to BIA. Such an approach has been previously suggested in guidelines. FNIH also uses ALM BMI as a cut-point for sarcopenia that normalizes muscle mass for BMI. However, our previous work suggests that ALM may, in fact, be a better predictor of adverse metabolic and inflammatory outcomes. 46 Integrating an ALM BMI cut-point for sarcopenia while using percent body fat for obesity may lead to potential confounding and collinearity. These preliminary findings have considerable implications. Adults of all ages are at risk for sarcopenic obesity and clinicians failing to recognize and identify sarcopenia in individuals with obesity could potentially be detrimental to this referral population. Unopposed weight loss in obese individuals with sarcopenia can further propagate its development, promoting not only fat loss but furthering muscle and bone loss. 12, 40 This loss of muscle loss places individuals at additional risk of adverse outcomes, including cardiovascular disease, 47 disability 48 and early mortality. 49 Weight-loss programs should include resistance-based exercise programs, 40, 50 vitamin D supplementation, 51 and potential augmentation of protein intake in efforts to mitigate sarcopenia. 52
Conclusions
Sarcopenic obesity is common in a tertiary care, academic rural obesity clinic, suggesting its importance in its recognition. Our results highlight the importance of identifying sarcopenia using the definition of LLM in adults with obesity, irrespective of age as their objective physical function may be impaired.
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